Currently, quantitative determination of hazardous metals in plastic materials is an important problem for the quality control and for monitoring. In the European Union (EU), a RoHS (Restrictions on Hazardous Substance) directive, 1 which has limited the use of hazardous materials in almost all electric and electronic industrial materials, has been enforced. Especially, it has caused the serious problem on the plastic industry and materials because of being applied to the plastics in the electrical and electronic equipment.
The Japan Society for Analytical Chemistry has developed some new plastic certified reference materials (CRMs) for the analysis of mercury in polyester disks using XRF analysis. These CRMs (named as JSAC 0621 -0625) were prepared by casting polyesters including a toluene solution of organometallic compounds as a standard. Concentrations of the five levels of mercury ranged from 0 to 250 mg/kg. Homogeneity tests of prepared disks had shown excellent results. Interlaboratory comparison study for the certification was performed by 15 laboratory participants. The z-scores in robust statistical method was applied for the evaluation of outliers. The certified values were assigned after discarding outliers. The uncertainties of certified values were determined as the confidence levels of 95%. 
Preparation of the CRMs
The reference materials consisting of polyester resin were prepared at Environmental Technology Service Corporation (Tobata-ku, Kitakyusyu, Fukuoka, Japan) in the following steps:
Step 1: The Clear polyester resin (1800 g) and 76 g of a toluene solution of organometallic reagent were mixed and stirred for 10 min in a 2 L-polypropylene (PP) beaker. The amounts of organometallic reagents were weighed such that the target concentrations could be obtained.
Step 2: The mixture obtained from Step 1 was divided into 100 g units in a PP beaker, and 1 g of headner (2-butanone peroxide) was mixed.
Step 3: The mixture obtained from Step 2 was stirred quickly for 1 min, and cast into 250 Al-molds (40 mmφ, 5 mm thick) on the glass plate immediately.
Step 4: The cylindrical disks obtained from Step 3 were removed from the glass plate and Al mold after 12 h of standing at room temperature. The prepared concentration of these CRMs was estimated by the mixing ratio of the sample amount.
Step 5: Both surfaces on prepared disks were ground and polished by a milling machine at 4.00 ± 0.02 mm thick.
Prepared CRMs except for JSAC 0621 (blank disk) include four concentration levels. A total of 220 disks of JSAC 0621 -0625 were produced.
Durability of X-Ray Irradiation
It is well known that the most of the mercury compounds except for the sulfide (i.e., HgS) are vaporized by exposure to the heating or the x-ray irradiation. Actually, we have confirmed that x-ray irradiation caused the decrease of Hg XRF intensity in the plastic disk including the organometallic mercury components. 10 Fortunately, this serious problem can be overcome by reducing the power of x-ray irradiation beam. As shown in Fig. 1 , when the prepared disk had been exposed to 4 kW (50 kV-80 mA) of x-ray irradiation, HgLα intensities of the prepared disk were decreased to less than 90% after 2 h. However, it was improved with the decreasing of the x-ray irradiation power. The vaporization ratio of mercury was dependent on the x-ray irradiation power as shown in Fig. 2 .
In the other approach, the vaporization of mercury can be also inhibited dramatically by applying the copper filter (Fig. 3) . Moreover, if one compares the atmospheric condition with the vacuum, the helium gas and air gas, respectively, the vaporized ratio of mercury in the air gas condition was lower than it in the vacuum and helium gas conditions, as shown in Fig. 3 . The reason was that the vaporization of mercury became lower with increasing molecular weight. 11 Based on these results, we therefore concluded that JSAC 0621 -0625 are sufficiently durable for conditions for XRF measurement of lower than 0.1 kW for the vacuum or helium gas, lower than 0.25 kW for the air gas, and lower than 0.5 kW for applying the copper filter in vacuum.
Homogeneity Test
Homogeneity tests of prepared disks were performed by XRF analysis. Twenty disks of each level were selected at random from the batch. By XRF analysis, one disk was measured two times independently, and twenty disks were measured in repeatable conditions. Generally, the homogeneity study of CRMs should be considered as the relationship between the within-bottle variance sr 2 and the between-bottle variance sb 2 .* Within-bottle variance including measurement repeatability variance is calculated as shown in Eq. (1),
where xi1 and xi2 are the each concentration in one disk by independent measurements. Secondary, the between-bottle variance is established including the inhomogeneity within a bottle. This variation can be estimated by the combined variance sb+r 2 which consists of sr and sb as shown in Eq. (2),
where,
Consequently, between-bottle variance sb 2 is given in the following equation:
When the component of sb in sb+r is too small comparing with sr, between-bottle variations, sb 2 becomes minus, and it means excellent homogeneity between bottles. Table 1 shows the homogeneity results of the prepared disk. The prepared CRMs showed good homogeneity. Relative standard deviations of JSAC 0622 to 0625 were ranged from 0.6% to 2.8%. The relative sb+r were 2.6% for JSAC 0622, 1.1% for JSAC 0623, 0.72% for JSAC 0624, and 0.62% for JSAC 0625, respectively.
Analytical Methods for Certification
The certification of prepared materials was determined by the interlaboratory comparison study in accordance with ISO Guide 35-1989. Fifteen laboratories in Japan (as shown in a list below) participated for the certification of reference materials.
(1) Analysis Center Co., Ltd. Each participating laboratory carried out two independent determinations on different days. The disks were determined in accordance with the experimental manual 13 for certification of CRMs edited by JSAC. The analytical procedures of mercury for certification were listed below.
(i) Cold vapor atomic absorption spectrometry (CVAAS) (ii) Closed system-acid digestion-CVAAS (iii) Opened system-acid digestion-CVAAS (iv) Closed system-acid digestion-electro thermal AAS (ETAAS) (v) Solid sampling-Zeeman AAS (vi) Closed system-acid digestion-ICP-AES (vii) Closed system-acid digestion-ICP-MS
The details of the analytical methods and the digestion methods used by each laboratory are described in the certification report of JSAC 0621 -0625. 14 
Statistical Evaluation
In a statistical evaluation for the interlaboratory comparison study, z-scores in the "robust method" were applied in order to reject outliers. Z-scores in the robust method are shown in following equation:
where Xmean is the mean value from all reported results, m is the median from all reported results, NIQR (normalized interquartile range) is equal to IQR × 0.7413, IQR (interquartile range) is the difference between the upper quartile and lower quartile (when reported values show the normal distribution, NIQR is equal to the usual standard deviations). If calculated zscores were over 3 in the population of results, these values could be rejected as outliers.
Certified Values and Uncertainties
In ISO Guide 35-1989, the uncertainty of the certified value is caused by the following factors; (i) inhomogeneity of the substance, (ii) systematic error, (iii) random error of the participate, (iv) empirical judgment of the developer. Laplace-1267 ANALYTICAL SCIENCES SEPTEMBER 2006, VOL. 22 central limit theorem shows that the mean of samples is approximated the normal distribution of SD/√ -N as the number of data are increasing on any distribution. In Student's tdistribution, the uncertainty is defined as "t × SD/√ -N ". ISO GUM (Guide to the expression of uncertainty in measurement)-1995 15 recommends using the above equation as the uncertainty of the certified value.
For each data set in Table 2 , the mean value, the uncertainty and the (interlaboratory) standard deviation were calculated after statistical evaluations. These calculated results in Table 2 were followed by the usual statistical procedure. In the statistical result, the interlaboratory relative standard deviations were less than 5%, and the uncertainties of the 95% confidence interval were less than 3%, respectively.
The final certified values and uncertainties are shown in Table  3 . The value of JSAC 0621 (blank) in table is not certified, and is given for information only. Figure 4 shows the calibration curve of mercury using produced CRMs by XRF measurement. The calibration curve showed good linearity, and the correlation coefficient was 1.000.
Availability
The Japan Society for Analytical Chemistry has produced and certified the new plastic CRMs (JSAC 0621 -0625) containing mercury for using XRF analysis. These CRMs are very useful for mercury analysis in plastics. The produced CRMs are commercially available from the Japan Society for Analytical Chemistry, with a certification report describing in detail the prepared method and statistical results. 14 
